Lecture 2 Columbia University. april 8, 1964

Jhromosonme Urganization and Function in Higher Crganisms.

I. 4 view of differences in the organization of chromosomes in higher or; anism

appeqrances of chromoso-.es at the pachytene stuage of meiosis?

Slide 1. The 10 bivalents in maize: lorgan photo. Nucleolus; nucleolus
organizing chromosoue(smzll knob). vhr.7 with isob.
chr. 5. knob; chr. 9 knob. Chromomere near end of
short arm of chr. 4. Chr. 3 chromomere. Jhr. 6 chromere.
Centromeres.,

heavily staining regions ne:r centromeres: Contain

Atk
5lide 2. The nucleolus chromosome: Knob (b) vosition; <The fused knobs.
A

eIes.

o
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5lide 3. The 10 chromosomes of Sorhgum - relative of maize: The
deep staining regi ns near centromeres; The ghost parts towards
ends. Uentromeres.,

Slide 4. Bermuda grass: The chromomeres; the deepstaining regi ss{hesvy
chiromomeres); the termirnal knobs.
Slide 5. Tomato chromosomes: Deep chromom-res ne.r ceutromeres; the
ghost regivrns. Nucleolus chroiwsore: position of centromere.
s5lide 6. antirrhinum (snapdragon). Heavy chrovomeres; terminal knobs.
5lide 7. Luzula. Chromomere organization; termirnal knobs.

vlide 8. Luzula.

olide 9., sSalvia glutinosa: “hromomere organization.
©lide 10, Salvia horminum: The large chromom-res near centroneres.,

Slides 11.to 14. HNeurospora - fungus; ieiosis - 50x longer than somatic
nhrbmoso .es; tremendo.s growth in meiotic oropnase.
wlide 11: nucleolus chrouoso. e,
wlide 12: Chromosone 3
vlide 13: vhr., 6 - "knobs'!
slide 14: chr. 1- heterochromatin
slide 15: Cyciops (copepod). Germ line cell - proohases. snds - hetero-
cnromsntin.
slide 16: Vyclops - diplotene;

vlide 17: BSomatic prophnase of kye chroiosones. The termizal knobs,

IT. The positinon of the chrowosoizes in the som: tic and meiotic nucleis

ends of chrowos.yies; centromeres; knobs: At the nuclear membrane!!

x>

IIT. The knobs: Fresent in a l-rge number of organisms: those with =a
general chromomere pattern with no distinct "“hetcrochromatin'
tyove orginization near centromeres.,

1. Knobs examined in detail only in moize; other organizgms with k- obs
not so examired.

2. snobs in malze: can be very baried: de-ends on the race of muize,



3. The knob-forming regi ms in euch of the ten chrorosuies of miize:

slide 18. )
(2). The v .riation of kiobs at any one wvosition: Slide 19 (lorgan prhoto)

knobs - 9; 7, 5; swall kuob 6-1.
(1) No knobs - 10, 8, 4, 3, 2, 1,

N
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Hedium knob, homozygous; chr. 5. ~»lides 20, 21

hedium-1-rge snob; chr. 5, slide 22 Large knob, chr. 2.

(3). “hromosore9: No knob, small knob, medium knob; large knob:
olides 23, 24, 25,
(4). Heterozygous knobs: olides 26 and 27, wnmwdbwwiﬁmﬂr

“. The mode of action of the knsb-forming regions: Yontrols of size 2nd
shape:

3
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sxample: slide 28 - chr. &4
5. The proof of the xnob-forming regions: XL-rays: cut into two oarts:

Knob, short arm of chroosome 9: Reagpanged chroio. 9.
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vonstincy in generation after Jeneiration.

b

T¥. The races of maize and their chromosone differences. The Americas.

1. Differcrces amno-g ears of the races: olices 29, 30, 31, Small Ear

2. Enob constitutions: Central America; dest coast of *exico:
‘ Very large krnobs at neurly all knob forming regions.

! ‘ — . s
3. The Abnormal chromosome 16: In ®West  rn *texico: 5lide 32
7 . e
. The cornstitution of knobs in diffe nt t oes of cells: Feulgen. “arge knc

. . race,

Relstion to nuclesr membrane. éfi) 2 o

Spad i . - ~ v W psy

¥Z. Conclusions on knobs: Not a corstant of senotype; riegions show svecific
genetic differences among races; inhsrited dirferences; redumdancy of
parts; chanzes in constitution in ditfercent types of cells.

“eed for furth-r cytochemical studies.
wy- General prevalence of knobs in org nizms with particul r t.pe of
chromosone organization. _
No knob vs. many large knobs: no differen.es irn the plants; No
known effects in the hybrids.
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IV. Nucleolus organizers: The organizers in maize: different sizes.
Vifferent positions where nucleolus is organized at most rapid rate.

1. The redundancy in the nucleolus organigzer:

(a). The maize case —- already examined. “iagram break and :iction.
y Can Pepd - Owotad)
(b). hirmomous: similar to maize - breaks

(c) Jrosophila melanozaster and buskii - same as maize.

2. The need for the nucleolus: Assembly plant for ribosomes (Riii from
genes 1in chroumos mes). ‘‘ethylation of transper RIai. \mmmMu§Vwm\

3. Absence of nucleolus organizee - no nucleolus - many small nucleolus-
like bodies; The genetic effect in “hironomous and fenopus.

V. The centromeres: Redundancy. Jivisions into wo parts - several organisus
vame result as in maize; different parts function.

VI. The significance of redundancy:

1. “hown in the knobs of maize
2. Shown in the nucleolus organizers

3. Shown in the ever present volyploidy in many organisms - especially
recognized in plants. Some organisms with very great
degree of redundancy of chromosome sets.

4. Two major aspects of this: Safty measure - when something happens
to major active part, other parts take overy
Required for effective gene action - as
will be clear shortly.

fart II. Regulation of gene action. Structural
level,
I. Regulation of level of gene action through redundancy of genesiwithin
different cells of the same organisms,

1. Increase in whole sets of chromoscries in different nuclei of sanme
organism: luetiods

(a). Polyploid nuclei - increase in sets; chromosones separated.

(b) Polyteny - HKeplic:tion of chroumoso es; remain together:
Salivary gland type.
(c) Combination of this: Some sells of the cecidomyids.

. 1 e i ingl oL t! : o o
2 ncreases in single chrouosomes of the set ol o 52 - oell

(a)., £ chrouosoue in Drosophila males: XX females vx. XY males.

(b) *ingle chrorosoue in salivaries - Cecidomyid: Slide 33

3. Increases in parts of chromoso.es: Droso hila £ chro. sdme:
Ganglia cells: ratio Dia: sSuchromatin 2 : 1 heterochromstin
saliv.ries " " " 50 ¢ 1 "

4, Increase in si gle bands (genes) in salivaries just before gene
beccmes active: Ehyncosciara; Urosophila. ©Somatic cells on.y




1I. Regulation of level of gene action turough reducticn in gene potentials.

1. Jontrol of gene action through loss of whole sets -- males. ilany
insect forms.

2. Yontrol of gene actior tarough loss of individual chrocosones -
wxamples given in £ chro .osome of Sciara.

3. Control of gene action through loss of heterochrom:tic parts of
) i : : ¥
chromosones in the soma but not the germ line: LlMany examples
of this in i:sects.

ITI. Regulation in plants and animals: Animals with their soma which
dies ha#f experimented with gene control in many different ways,
some described above.

Plants: regeneration of parts occurs from somatic cells; regulation
is more conservative. Cannot lose parts, increase of genes
by reduplication of gene itself; lust h.ve other method of
control of gene action.,

IV. The regulation of gene action through structural modifications within
the nucleus.

1. Level of the gene: Removal of the histon - protein asscci ted with
DNA in order that gene be transcribed.
2. Control of gene action through condensation of the chromosorie parts:

Levels: Vomplete condensation - metavhase chromosome t. pe: No
RNA produced by metzphse conderised chroriosoue.,

fTartial condensations - smaller pa-ts of chro.us.es,

3. “onplete condensatio:s:

(a) whole set of chromosomes : Coccid: . Slide 34. liiale set.
Rammmine Sl

4

(b) X chromosomes in mammalss Reviewed previously.

R (c) Position of condensed chro .osoues: at the nuclear membrane.,

e

4. Partial condensations: Yifferences in different cells of plants and
animals. Same type always found in same type of cell.

(a). Very active cells: Large nucleolus; chroumosomes not condeused;
finely granular within the nucleus.

(b) Nuclei with low gene action: small nucleoli; highly granular
chromatin, much of this at nuclear membrane. Small nuclei, in
general.,

5. bExamples of differential condensation:

(a). Retina cells in 10 day old kitten. Slides 35 and 36,
e s ot smsscis .

DRI L

(b). Lymphocytes: slides 37 and 38. ZFPosition of condensed chrouatin.
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